The experiment was aimed to study the effect of colchicine concentrations (0.025, 0.05, 0.1 and 0.2%) and treatment times (8, 24 and 48 h) on polyploidy induction and morphological characteristics in Petroselinum crispum. Polyploidy induction was carried out in two independent experiments; seed treatment under in vivo, and node treatment under in vitro condition. Polyploids were confirmed by chromosome counts, density and size of stomata and other morphological characters. The survival rate for nodes and seeds decreased significantly with increasing concentration of colchicine and its treatment duration. Moreover, the induction of polyploidy was better in the node explants compared with the seeds. The maximum amount of tetraploidization of plants from the seeds was achieved at 0.05% colchicine after 24 and 48 h incubation. The most induction of the tetraploid plants was observed 24 h after treatment with 0.05% and 0.1% colchicine under in vivo and in vitro conditions, respectively. Furthermore, morphological measurements revealed that the size of the stomata and leaves in tetraploid plants was larger than those in diploid plants. However, the density of stomata was decreased in tetraploid plants as compared to the diploids.
Parsley (P. crispum) is one of the most famous edible and aromatic vegetables in the world whose ploidy level is 2n=2x=22. It is native to Europe and Western Asia and cultivated in the United States as an annual plant for its aromatic leaves (Simon and Quinn 1988) . Because of the tiny flowers of Umbelliferae family, conventional breeding techniques are usually slow and require many workforces (Hunault 1984) . The importance of polyploidy in agriculture is well known. Polyploid plants have a higher level of self-compatibility, therefore these plants can survive under stressful conditions. Polyploidy has various positive effects on plants such as gene activity, enzymatic diversity, photosynthesis, and flower survival. Moreover, polyploidy increases plant tolerance against harmful conditions such as disease, drought and nutrition stress (Shahriari Ahmadi et al. 2008) .
Generally, leaves, roots, stems, and flowers in polyploid plants are bigger than those of diploid ones. It seems that infertility in medicinal plants is less important than other plants due to the fact that their leaves, stems, and seeds are used in pharmaceutical industries (Adaniya and Shirai 2001) . Polyploidy has many effects on plant growth and development, and it often increases the size of flowers, leaves, fruits, and seeds noticeably (Hancock 1997 , Harwell et al. 2004 . That is why this system is considered as a breeding tool by researchers for the improvement of medicinal plants (Lavania and Srivastava 1991) . Polyploidy is the most important cellular process affecting plant evolution (Otto 2007) . These species carry more than two copies of chromosomes resulted from an abnormal chromosomal segregation during cell division. Chromosome doubling is artificially generated using mitotic inhibitors such as colchicine, oryzalin, and trifluralin (Dhooghe et al. 2011) . Colchicine is one of the most commonly used chemicals for induction of polyploidy in plants, thereby producing more mutagenic and morphological alterations than other mutagenic substances (Pickens 2004 , Mensah et al. 2007 . In Zingiber officinale and Mentha arvensis, increased cell size results in increased vegetative and reproductive growth (Adaniya and Shirai 2001, Lavania 2005) . Since there are no reports of polyploidy induction in P. crispum, it is expected that with an increase in ploidy levels, distinct differences can be observed between tetraploid and diploid plants.
The aim of this study is to compare P. crispum seed and node responses to polyploidy induction under various colchicine treatments and determine suitable treatment duration and concentration of colchicine that would effectively induce polyploidy in P. crispum.
Materials and methods

Plant material
Seeds of P. crispum L. were obtained from Pakan Bazr Isfahan, Iran and they were stored at 4 C before treatment. The experiment with seed and node explants was performed in a completely randomized design with factorial arrangements replicated three times.
Colchicine treatment
Seeds of parsley were washed with sterile distilled water for 15 min, then, were subjected to four concentrations of colchicine (0.025, 0.05, 0.1 and 0.2%) for 8, 24 and 48 h at room temperature on a rotary shaker at 120 rpm. After which, control and treated seeds were cultivated in plastic pots with 1 : 1 : 1 mixture of soil, peat and sand. Explants in 3-4 leaf stages were transferred into a greenhouse, and morphological measurement and chromosome counting was performed.
For node treatment, seeds were washed with distilled water for 15 min, and then surface sterilization was carried out using sodium hypochlorite 2.5% for 5 min. The seeds were disinfected with 70% ethanol and washed with sterilized distilled water for 5 min. They were then cultured in a glass bottle containing a solid MS medium and incubated in a growth chamber at 25 2 C with a 16 h photoperiod for germination. After plants growth, the node explants were prepared and incubated with various colchicine concentrations for 8, 24 and 48 h on a rotary shaker at 120 rpm. Subsequently, the nodes were washed with sterilized water and then transferred to MS medium containing 1 mg L 1 2,4-D. After a week, the morphological measurements and chromosome counting were performed.
Determination of ploidy level
Young leaves were cut and transferred into ice distilled water to increase the number of metaphase cells. After 24 h, the leaves were fixed in Carnoy s solution (ethanol-acetic acid, 3 : 1, v/v) for 2 h at room temperature in dark. Next, leaf samples were hydrolyzed with 1 M HCl for 10 min at 60 C. After softening, leaf samples were stained with aceto-orcein for 2 h at room temperature and chromosomes were observed with a Leica Gallen III microscope.
In order for polyploidy determination, stomata density was also measured. The stomata were recorded using a microscope and its number was calculated per mm 2 (Cramer 1999) . Moreover, plant height, leaf length and leaf width of tetraploid plants and the diploid plants were measured and compared.
Statistical analysis
ANOVA and mean comparisons were conducted using SAS 9.1 followed by the least significant difference test (p<0.01). Morphological and physiological statistical differences between tetraploids and diploids were evaluated by t-test using SPSS 16.0.
Results
Survival rate and tetraploid induction
The results showed the significant effects of colchicine concentration and exposure duration, and their interactions on seed and node surviving. With an increase in colchicine concentration and treatment period, the viability percentage of both seeds and nodes declined considerably under in vivo and in vitro conditions, respectively. The highest percentage of viability was observed for seed (60%) and node (100%) explants at 0.025% colchicine for 8 h, yet none of the treated seeds and nodes was able to continue to grow at 0.2% colchicine for 24 and 48 h (Fig. 1) . Chromosome count was performed on leaf cells for determining ploidy level. We first confirmed that the number of chromosomes counted in the leaf cells agrees with the number of chromosomes counted in the root cells in diploid plants. Chromosome number of the control plant was 2n=22 (Fig. 2G) and that of tetraploid plants was 2n= 48 (Fig. 2H) . Tetraploid plants were not observed in vivo and in vitro conditions at 0.025% colchicine for 8, 24 and 48 h of treatment due to the lack of colchicine effect, and at 0.2% colchicine for 24 and 48 h due to the mortality of seedlings and explants. A small number of tetraploid plants were produced only in treatment with 0.05% colchicine at 24 and 48 h under in vivo condition. There was no difference between the percentages of tetraploid plants at 24 and 48 h, so that the tetraploid percentage was the same at 24 and 48 h (Fig. 1) . However, the tetraploid percentage of plants in the 0.05% colchicine enhanced by increasing in the treatment time, so that the tetraploids increased from 12.5 to 75% by increasing the treatment time from 8 to 48 h, respectively (Fig. 1A) . Moreover, 100% of tetraploid plants were observed after plants treatment with 0.2 and 0.1% colchicine for 8 and 24 h, respectively. Therefore, the 0.05% colchicine treatment for 24 h under in vivo condition, and the 0.1% colchicine treatment for 24 h under in vitro condition were selected as the best treatment for tetraploid induction in P. crispom (Fig.  1B) .
Morphological measurements
The tetraploid plants obtained from the colchicine treatment were higher in comparison with the diploid plants in height. Furthermore, leaf size and stem diameter were larger than that of in control plants. The number of stomata per mm 2 was lower in tetraploid rather than diploid plants, yet tetraploids have the large stomata as compared with diploids (Table 1) . The results of the observations on stems, leaves and plant height of diploid and tetraploid showed that there are significant differences in morphological characterization between diploid and tetraploid plants under in vitro and in vivo conditions. Results from the leaf width and the leaf length comparisons showed that the tetraploid plants have a large size as compared with diploid plants (Fig. 2A, B) . Moreover, plant height of the tetraploid plants was higher than the diploid plants (Table 1) .
Discussion
This study aimed to reveal the best condition for induction of doubling ploidy level in P. crispum. Extra copies of the genome in certain species, known as polyploidy, play an important role in their evolution (Otto 2007) . Colchicine is one of the antimitotic agents which are widely used to induce polyploidy in many species (Dhooghe et al. 2011) . According to this study, with increase in the colchicine concentration, the plant growth was partly reduced, yet it increased the leaf and stem size as well as plant height in tetraploid plants regenerated from seed and node. Colchicine decreases the rate of germination and viability by interfering with the development of enzymes involved in the germination process and causing toxicity in Musa acuminate (Hamill et al. 1992) . In our experiment, there was a reduction in viability of the nodes and a decrease in the seeds germination treated with colchicine at higher concentrations and longer periods which is inconsistent with previous studies (Thao et al. 2003, Chen and Gao 2007) . The generated tetraploids in this experiment were superior to the diploid plants in both a greenhouse and in vitro conditions. Indeed, larger leaves, stomata, chloroplasts and stomatal guard cells of polyploid plants could increase the efficiency of photosynthesis resulting in an innate compatibility to environmental factors (Liu et al. 2011) . In other words, increased leaf size in tetraploids induced under higher concentrations or longer treatments of colchicine is more likely works as an adaptation system to the environment. Our findings agree with Shahriari Ahmadi et al. (2008) studies in which polyploidy induction led to morphological changes including increasing the leaf size and the height of the plant as well as the thickness of the stems. Stomata size is considered as a standard index to detect tetraploids in some species (Beck et al. 2003) . In this study, the increased level of ploidy reduced the density of stomata but increased their size in tetraploid plants compared to the diploids in both in vitro and in vivo conditions which is inconsistent with previous reports (Beck et al. 2003 , Joshi and Verma 2004 , Heping et al. 2008 , Omidbaigi et al. 2010 . According to the results, the most suitable explant for polyploidy induction in this plant was nodes; because the percentage of mortality resulted from colchicine treatment was much less than seeds. In addition, tetraploid was inducted in node explants under various colchicine concentrations and treatment periods, whereas it was only produced at 0.05%, 24 and 48 h in seed treatment. The derived tetraploid plants are in use for further research on gene expression variation due to induced polyploidy.
